Introduction
Diesel engine dates back to 1892 when Rudolf Diesel invented the compression-ignition engine [1] . It is widely used in power generation, transportation and agricultural machinery sectors. As of today, diesel engine is playing a more and more dominant role due to its superior thermal efficiency and fuel economy. However, its exhaust emissions have become the major concerns due to their environmental impacts. As such, emission regulations have been made more and more stringent during the past few years, and this has posed serious challenges to the researchers and engine manufacturers. As advance technologies becoming available, researchers are looking into new strategies such as common rail fuel injection, multiple injections and low temperature combustions to reduce the harmful emissions and increase the engine efficiency. However, the rising oil prices and concerns on the depletion of fossil fuel reserves have forced researchers to not only look into engine optimization, but also find alternative resources to tackle the energy crisis. Biodiesel has gained a growing interest as one of the most promising solutions. Its primary advantages are biodegradable, renewable, carbon neutral and do not produce hazardous toxic gases [2] . Among this, biodiesels have received increasing attention as an alternative fuel because they can be employed in diesel engines without needing modification. Furthermore, fuel properties of biodiesel are almost similar to diesel fuel.
Motivation

Fig. 1. Total energy consumption in India
After the United States, China and Russia, India is the fourth largest energy consumer in the world. India's economy grew at an annual rate of around 7 percent and proved relatively resilient to the global financial crisis in the world. India's policy of energy above all focuses on securing energy sources to meet the needs of its growing economy. Primary energy consumption is more than doubled. India's per capita energy consumption remains lower than developed countries. The government may not be able to deliver secure supplies because of fuel subsidies, inconsistent energy sector reform and increasing import dependency. Some parts of the energy sector, such as coal production, remain relatively closed to private and foreign investment. Despite having large coal reserves and a healthy growth in natural gas production over the past two decades, India remains very dependent on imported crude oil. India's largest energy source is coal, followed by petroleum and traditional biomass. India's population increasing and moved to cities, and urban households have shifted away from traditional biomass to other energy sources. The industrial sector is the largest energy consumer, 40 percent of India's total primary energy demand. The power sector is the fastest growing area of energy demand, increasing 23 percent to 38 percent of total energy consumption.
Objective of the study
The aim of the experimentation is to check feasibility of biodiesel in C.I. engine fuelled with dieselbiodiesel blends as more biodiesel as possible. The experimental work under this project consists of two parts, Generation of base line performance data from the C.I engine fuelled by diesel, Compare different Dieselbiodiesel blend data with base line data. Optimize the best blend out of given different blends.
II.
Literature review W.M.Yang et al. studied that the variation of brake power with engine speed at full load conditions for different tested fuels. It can be seen that the maximum output power at full load conditions are nearly the same for B10 and diesel fuel, and a slight increase in BP is found for B10, indicating an improved combustion with the addition of biodiesel. However, when the biodiesel blend ratio is increased to 50% or 100%, there is an obvious drop in BP at all engine speeds. The reduction in BP at 3600 rpm is observed to be 5.6% and 9.7% for B50 and B100 respectively. This is mainly due to the reduction in the lower heating value of biodiesel as explained by Buyukkaya [3] and S. Jindal [4] . The BSFC of different tested fuels at 25% load. The BSFC of B10 is almost the same as that of diesel fuel at 1200 rpm and 2400 rpm, but lowered by 9.5% at 3600 rpm. Labeckas and Slavinskas [5] also claimed that there was a 1.5% reduction in the BSFC of B10 (rapeseed methyl ester was used as the biodiesel) at rated engine speed under full load condition. They also explained that the slight decrease in BSFC for B10 was due to the fuel borne oxygen. With further increase in the oxygen content for B50 and B100, the BSFC increases significantly (42% and 34.4% for 800 rpm and 1200 rpm, respectively). This is mainly attributed to the decrease in the lower heating value of biodiesel as suggested by most of the researchers [6, 7, 8] . Another reason may due to the high viscosity of biodiesel. When the engine is operating at low speed and partial load conditions, the Fuel/Air equivalence ratios of all tested fuels are already very low such that the oxygenated nature of biodiesel is not an advantage anymore. However, the higher kinematic viscosity of biodiesel predominates the fuel atomization and mixing with air, resulting in a poorer combustion process and reduced thermal efficiency. The brake thermal efficiency of the engine fueled by Diesel, B10, B50 and B100 at 100% load. At full load condition, the fuel injection pressure can reach as high as 1400 bars such that the viscosity effect is negligible, and the fuel borne oxygen in B100 enables a more complete combustion and hence higher thermal efficiency. The largest BTE is found to be at 2400 rpm under full load conditions and the BTE values for Diesel and B100 are 36.3% and 38.1%, respectively. The variation of CO emission at 25% load. The CO emission increases significantly as the biodiesel blend ratio increases especially at low engine speed. As explained earlier, this may attribute to the higher viscosity of biodiesel which predominates the combustion process when the engine is operating at low speed and partial load conditions. Also compares the CO emission of diesel and B100 at all engine operating conditions. It can be seen that the with the use of our Euro IV common rail fuel injection diesel engine, the CO emission drops to extremely low levels at 50% and 100% loads. However, different trend is observed at partial load (25% load) condition where limited studies have been reported. The hydro-carbon emissions of all tested fuels are found to be very low at all engine operating conditions. The variation of HC emissions of the engine fuelled by diesel and B100 at the 12 operating conditions considered in this study. It can be seen that under all the engine operating conditions except those at 800 rpm and partial load conditions (25% load), the HC emission is lower for B100 as compared to those of diesel, implying that the use of biodiesel generally results in lower HC emissions due to its cleaner combustion. It also shows that the engine idle speed and partial load condition have a vital influence on the behavior of engine combustion and exhaust emissions. The nitrogen oxides emissions are very sensitive to the combustion temperature which generally increases with the increase of engine speed and engine load. The variation of NOx emissions with the engine speed at 100% load. The correlation between biodiesel blend ratio and the NOx emissions are very random at different engine speeds and loads. However, it is worth noting that under all the engine operating conditions except those cases at low engine speed and high engine load (800 rpm and 50% load, 800 rpm and 100% load, 1200 rpm and 100% load), the NOx emissions produced by B100 are lower compared to diesel. So it indicates that the engine idle speed of 800 rpm may also have a significant effect on the engine combustion and emission formation processes. Many researchers have studied the impact of biodiesel on the NOx emissions, and according to Xue et al. [9] , about 65.2% believed that the NOx emissions increase with the increase of biodiesel blend ratio. For example, Luján et al. [10] did an experimental study using a HSDI four cylinder diesel engine on the effect of biodiesel on engine performance and emissions, and it was observed the NOx emissions increased by 20.6%, 25.9% and 44.8% for B30, B50 and B100 respectively. However, there are still some researchers who have reported reduced NOx emissions or no regularity observed with the increase of biodiesel blend ratio.
K.J.Chua et al. studied that BSFC can be thought of as power specific fuel consumption which quantifies the fuel efficiency. The BSFC of the test engine while running with diesel, B10, B20, B50 and B100 fuels at full load conditions. It indicates that the BSFC generally increases with the biodiesel blend ratio, and the average increase in BSFC over all engine speeds are 2.1%, 1.5%, 3.5% and 9.6% for B10, B20, B50 and B100 respectively. The experimental results show that no general correlation can be confirmed between the BTE and biodiesel blend ratio, however, it can be observed that the BTE values of B100 are consistently lower compared to diesel under lower load conditions and the percentage reduction increases as the engine load decreases. At higher load conditions, B100 even has a better BTE than diesel. the variation of heat release rate of the tested fuels at 10%, 50% and 100% loads. It can be seen that no general correlation can be drawn between the biodiesel blend ratio and the heat release rate, however, it is worthy to note that the heat release rate of B100 is consistently lower than diesel at all engine loads. Again this can attribute to the lower calorific value of biodiesel as compared to diesel. Furthermore, with the start of combustion (SOC) close to each other, the end of combustion (EOC) occurs earlier for B100 as compared to diesel at all engine loads, indicating a shorter combustion duration for biodiesel. To evaluate the effect of engine loads on the combustion characteristics, engine cylinder pressures are compared under different engine loads and at a medium engine speed of 2400 rpm. The variations of cylinder pressure for the tested fuels at 10%, 50% and 100% loads respectively. It can be seen that with the use of biodiesel, the peak cylinder pressure slightly decreases as compared to diesel, leaving B100 to be the lowest. This again may due to the lower calorific value of biodiesel as compared to diesel. The exhaust CO emissions are evaluated at low, medium and high loads. It is observed that the trends of CO emission with respect to engine speed and biodiesel blend ratio are significantly affected by the engine loads. The variation of CO emissions with engine speed for different fuels at 10% load. The CO emission generally decreases with the increasing engine speed and decreasing biodiesel blend ratio. The same trend is also observed at 25% load. This is postulated here that at lower load combustion conditions, the fuel air ratio becomes too lean for a complete combustion especially at lower engine speeds. When the engine is running on biodiesel, the extra oxygen atoms contained in the biodiesel further reduces the fuel air ratio, causing the flame temperature to drop very fast, resulting in a higher CO emission. Furthermore, as mentioned earlier, the viscosity effect of B100 plays a significant role on the combustion process during partial load conditions, increasing the tendency for an incomplete combustion. With the use of our Euro IV common-rail fuel injection diesel engine, the HC emissions of tested fuels are observed to be very low at all engine load conditions. The variation of HC emissions of diesel, biodiesel and their blend fuels with respect to engine speed at full load conditions. Even though there is no linear correlation can be drawn between the biodiesel blend ratio and HC emissions, generally, one still can see that the use of biodiesel improves the combustion process and reduces the HC emissions. The same trend is also observed at other engine load conditions, and there is no detrimental effect found on the HC emissions with the use of biodiesel. The NOx emission is very sensitive to the engine combustion temperature which increases with the increasing engine speed and load. It is generally agreed that the higher the cylinder temperature, the higher the NOx emissions. However to monitor the cylinder temperature would be highly impossible, and some researchers have been trying to find the correlation between engine exhaust temperature and the NOx emissions since the exhaust temperature is a good indicator of engine combustion temperature. For example, Al-Shemmeri and Oberweis found that the NOx increase was directly proportionally to the engine exhaust temperature [9] . However, even though our experimental results show that the exhaust temperature decreases with the increasing biodiesel blend ratio, it can be seen that the correlations between the NOx emission and biodiesel blend ratio at 10%, 50% and 100% loads are very random. Nevertheless, it is still worth noticing that the NOx emission increases significantly with the increasing engine load for all the tested fuels.
III.
Experimental setup and specifications 
Experimental procedure
To carry out tests using biodiesel blends, the engine was run with diesel until a steady operating condition was achieved. Then the fuel was changed to biodiesel blend. After consumption of sufficient blend fuel, the data acquisition was started to ensure the removal of residual diesel in the fuel line. After each test, the engine was again run with diesel to drain all of the blend out of the fuel line. This procedure was followed for all blends. The test fuels were fossil diesel (B0), 10% palm oil in diesel (B10), 20% palm oil in diesel (B20) and 30% palm oil in diesel (B30). The engine was operated between no load to full load condition at 1500 rpm. The performance and emission measurements were triplicated.
IV.
Results and discussion
Characterization of biodiesel from used palm oil
Biodiesel produced from used palm oil was characterized for its fuel properties like density, viscosity, calorific value, flash point, cetane number [10] . These fuel properties were compared with diesel fuel. Flash point was higher than diesel this confirmed the safety of biodiesel storage. Kinematic viscosity and density were higher than diesel this may result in improper spray characteristics. Cetane number was found out using saponification value and iodine value [11] . Cetane index was higher than diesel and it would have positive impact on combustion quality of biodiesel. The fuel properties of biodiesel are shown in table 2.
Brake power output
The brake power outputs from the engine with different tested fuels are shown in fig. 3 . The brake power increased with increased in load at 1500 rpm. The maximum brake power recorded at full load condition. At 100% load, B30 has better performance than B0. This higher power output could be attributed to a number of causes. The higher density and kinematic viscosity of fuels result in the injection of a larger mass of fuel to the engine for the same fuel volume [12] . Again, the greater the viscosity of the blend, the less the leakage in the fuel pump [13, 14] . A higher mass flow compensates for the lower heat energy content of blends [15] . Koçar [16] reported higher CNs of blends. Thus, a higher CN together with a higher mass flow might have helped to achieve a better power output. Fig. 4 represents the variation of brake thermal efficiency of the test fuels with respect to load. Brake thermal efficiency of all test fuels increased as the load increased. This could be explained as the load increases, suction pressure developed will be higher which might have resulted in efficient combustion. The same trend was noted for methyl esters of rubber seed oil and cotton seed oil but on contrary an increase in brake thermal efficiency was noted for ethyl esters of waste vegetable oil, this increase may be due to the enhanced lubricity of the esters [17, 18, 19] . Fig. 5 represents BSFC of test fuels at different loads. BSFC and brake thermal efficiency are always opposite to each other. BSFC decreased with increased in load. From all blends B30 has better performance as compared to B0. Similar result was noticed for blends with higher content of ethyl esters of waste vegetable oil [18] . Waste cooking oil and rapeseed oil-diesel blends also exhibited similar profile [20, 21] . Because of lower calorific value of biodiesel and its blends compared to diesel, more amount of fuel is required to produce the same power output [19] . Fig. 6 shows the variation of carbon monoxide emission for test fuels at different loads. CO is usually formed when there is no sufficient O 2 to oxidize the fuel. CO decreased with increased in loads. From the different blends, B30 has better performance as compared to B0. Lower CO emissions can be attributed to the combined effect of their oxygen content and higher CN [22] . A higher CN exhibits a shorter ignition delay and allows a longer combustion duration. Then the oxygen content of biodiesel comes into play, which enhances the combustion process. Fig. 7 shows the variation of hydro carbon emissions with load. The concentration of HC in diesel exhaust varies from few ppm to several thousand ppm depending upon the load on the engine. The hydrocarbons in diesel exhaust are composed of mixture of many individual hydrocarbons in the fuel supplied to the engine as well as partly burned hydrocarbons produced during combustion process [23] . HC emission is decreased as compared to diesel. The increased gas temperature and higher cetane number of biodiesel and their blends were responsible for this decrease. 
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V. Conclusion
Biodiesel produced from palm oil and its blends with diesel showed positive results on performance and emission when tested on a diesel engine. The fuel properties of the biodiesel produced palm oil were within ASTM standards. B30 showed better performance. The results obtained during the test confirmed that biodiesel from palm oil and its blends could be used as a fuel in diesel engine.
